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Abstract: The effective quark models with quasilocal interaction are used for de-
scription of two composite Higgs doublets, in strong coupling (tricritical) regime
below the compositeness scale ΛC . The low energy effective action of Two-Higgs
Doublet Standard Model (2HD SM) is obtained in the large Nc and large-log ap-
proximation. The two-point correlators of scalar and pseudoscalar Higgs fields are
derived for investigation of how the chiral symmetry is broken. The comparison of
their asymptotics at high energies allows to realize the chiral symmetry restoration
characteristic for the QCD-like models and thereby to make hints on the existence
of new physical phenomena in the TeV energy region.
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1. Introduction: definition of 2HQQM
This paper we dedicate to the memory of outstanding Russian physicist Alexei
A. Anselm whose teaching and influence during many years was indispensable in our
understanding of the Higgs phenomenon [1].
One of the minimal extensions of the Standard Model (SM) is the Two Higgs
Doublet Model (2HDM) [2, 3] which has two complex doublets of Higgs bosons
instead of only one in SM. The general 2HDM allows too strong flavour-changing
neutral currents (FCNC) [4] as compared to the phenomenology of electroweak decays
[5] . One possibility to suppress FCNC is to couple the fermions only to a fixed
combination of the two Higgs doublets and its charge conjugated one which is know
as a Model I [3]. There is another possibility to couple the first Higgs doublet to
down-type quarks while the second one to up-type quarks, which is known as a Model
II [4] . The physical content of the Higgs sector includes a pair of CP-even neutral
scalar Higgs bosons, H0 and h0, a CP-odd neutral pseudoscalar Higgs boson A and
a pair of charged Higgs bosons H±. The mass spectrum of Models I and II has been
extensively studied theoretically [2, 3, 6, 7] and bounded from the phenomenology
of EW interactions at available high energies (for recent analyses, see [8, 9] and refs.
therein).
If Higgs bosons are composite and their masses are created by a mechanism [10] of
spontaneous chiral symmetry breaking [11, 12, 13, 14] below a scale of compositeness
Λ one can require the chiral symmetry restoration (CSR) at high energies [15] which
can lead to the CSR constraints on phenomenological parameters of a Higgs model.
These constraints on Higgs boson masses (and other parameters) may serve to pin-
point the signatures of compositeness in the future experiments on Higgs particle
observation [16].
Recently we have developed effective quark models including higher-dimensional
operators made of fermion fields with derivatives, which can be used [17] for the
parameterization of unknown heavy particle dynamics beyond SM in the spirit of
Wilsonian effective action approach [18]. The inclusion of higher dimensional oper-
ators in the fermionic lagrangean of SM opens the ways to built the two (and more)
Higgs doublet extension of SM with composite Higgs bosons.
In this paper we continue the exploration of particular Effective Quasilocal Quark
Models (EQQM) [19] which inherit main properties of a underlying vector gauge
theory of QCD type [20] (such as technicolor [21] or topcolor [22] models). The most
important property turns out to be the Chiral Symmetry Breaking (CSB) at low
energies and, on the other hand, the Chiral Symmetry Restoration (CSR) at high
energies. The latter one is controlled by the Operator Product Expansion of quark
current correlators which include a different number of parity-odd and parity-even
currents. More specifically, here we deal with the two-point correlators of scalar and
pseudoscalar quark densities [15, 23] which are saturated at low energies by Higgs-
1
particle resonances of a definite parity. The difference between these correlators is
decreasing rapidly in accordance to OPE of a vector-like gauge theory [24, 36]. In
the framework of either EQQM or a low-energy Higgs-field model it leads to the CSR
constraints on some parameters of composite Higgs particles.
We show that CSR at high energies is indeed realized in the 2HQQM of type I in
the Nambu-Jona-Lasinio phase near tricritical point and it is compatible with exis-
tence of relatively light scalar, h0, and pseudoscalar, A, Higgs bosons. Thereby these
models can have their origin from a QCD-like underlying theory with an electroweak
compositeness scale of order 1÷ 10TeV .
Let us remind the effective quark lagrangian of a EQQM which incorporates
all higher-dimensional operators necessary for the description of Two-Higgs Doublet
Standard Model in the low-energy limit. The two-flavor, 3d generation quark models
with quasilocal interaction are considered in which the t- and b-quarks are involved
in the DCSB.
We restrict ourselves by examination of the Two- Higgs Quark Models of type I
[19, 25] with Quasilocal interaction (2HQQM) with the following lagrangean:
LI = q¯L/DqL + t¯R/DtR + b¯R/DbR
+
1
NcΛ2
2∑
k,l=1
akl
(
gt,kJ
T
t,k + gb,kJ˜
T
b,k
)
iτ2
(
gb,lJb,l − gt,lJ˜t,l
)
. (1.1)
Here we have introduced the denotations for doublets of fermion currents:
Jt,k ≡ t¯Rft,k (τˆ ) qL, Jb,k ≡ b¯Rfb,k (τˆ ) qL, , qL =
(
tL
bL
)
, (1.2)
and the tilde in J˜t,k and J˜b,k marks charge conjugated quark currents, rotated with
τ2 Pauli matrix
J˜t,k = iτ2J
⋆
t,k, J˜b,k = iτ2J
⋆
b,k (1.3)
The subscripts t, b indicate right components of t and b quarks in the currents, the
index k enumerates the formfactors:
ft,1(τˆ) = 2− 3τˆ ; ft,2(τˆ ) = −
√
3τˆ ; τˆ ≡ −∂
2
Λ2
;
fb,1(τˆ) = 2− 3τˆ , fb,2(τˆ ) = −
√
3τˆ ; (1.4)
which are orthonormal on the interval 0 ≤ τ =< τˆ >≤ 1. In these notations
coupling constants of the four-fermion interaction are represented by 2 × 2 matrix
akl and contributed also from the Yukawa constants gt,l, gb,k.
2. Effective potential and mass spectrum of composite Higgs
bosons
In order to describe the dynamics of composite Higgs bosons the lagrangean
density (1.1) of the Model I must be rearranged by means of introduction of auxiliary
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bosonic variables and by integrating out fermionic degrees of freedom [17]. Namely,
we define two scalar SU(2)L-isodoublets:
Φ1 =
(
φ11
φ12
)
, Φ2 =
(
φ21
φ22
)
(2.1)
and their charge conjugates:
Φ˜1 =
(
φ⋆12
−φ⋆11
)
, Φ˜2 =
(
φ⋆22
−φ⋆21
)
. (2.2)
Then the lagrangean (1.1) can be rewritten in the following way:
LI = Lkin +NcΛ2
2∑
k,l=1
Φ†k(a
−1)klΦl + i
2∑
k=1
[
gt,kΦ˜
†
kJt,k + gb,kΦ
†
kJb,k
]
+ h.c. (2.3)
The integrating out of fermionic degrees of freedom will produce the effective action
for Higgs bosons of which we shall keep only the kinetic term and the effective
potential consisting of two- and four-particles operators. The omitted terms are
supposedly small, being proportional to inverse powers of a large scale factor Λ
and/or of a large ln(Λ/v); v ≃ 246GeV . The Yukawa constants are chosen of the
form
gt,k = 1; gb,k = g (2.4)
for k = 1, 2. The first choice can be done because the fields Φ1 and Φ2 can always
be rescaled by an arbitrary factor which is absorbed by redefinition of polycritical
coupling constants akl. Other constants gb,k are taken equal for the simplicity. Their
value g induces the quark mass ratio mb/mt.
A systematic approximation can be developed in the vicinity of (poly)critical
point,
8pi2a−1kl ∼ δkl +
∆kl
Λ2
, |∆kl| ≪ Λ2, (2.5)
which signifies the cancellation of quadratic divergences [26].
Then the effective potential of Higgs fields in 2HQQM of type I reads:
Veff =
Nc
8pi2
(
−
2∑
k,l=1
(Φ†kΦl)∆kl − 8g4(Φ†1Φ1)2 ln g2
+(1 + g4)
[
8(Φ†1Φ1)
2
(
ln
Λ2
4(Φ†1Φ1)
+
1
2
)
+
−159
8
(Φ†1Φ1)
2 +
9
8
(Φ†2Φ2)
2 +
3
4
(Φ†1Φ1)(Φ
†
2Φ2)+
+
3
4
(Φ†1Φ2)(Φ
†
2Φ1) +
3
8
(Φ†1Φ2)
2 +
3
8
(Φ†2Φ1)
2−
−5
√
3
4
(Φ†1Φ1)
(
(Φ†1Φ2) + (Φ
†
2Φ1)
)
+
+
√
3
4
(Φ†2Φ2)
(
(Φ†1Φ2) + (Φ
†
2Φ1)
)])
+O
(
ln Λ
Λ2
)
, (2.6)
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where the bilinear “mass” term is in general non-diagonal and represented by the real,
symmetric 2×2 matrix ∆kl. This is the two-Higgs potential in the large Nc approach
and a more realistic potential should involve the true Renormalization Group flow of
Two-Higgs Doublet SM 1 with initial conditions at high energies taken from (2.6).
In general there exist the regimes where at the minimum of the effective potential
the ratio of v.e.v. of neutral Higgs fields is complex [26] and v.e.v. of charged
components are also non-zero. Due to U(2) symmetry of the effective potential
(2.6) one can always choose the parameterization of Higgs fields in the vicinity of a
minimum with only one of v.e.v. being complex:
〈Φ1〉 = 1√
2
(
0
φ1
)
, 〈Φ2〉 = 1√
2
(
θ
φ2 + iρ
)
. (2.7)
The appearance of complex a v.e.v. leads to CP violation [2, 28, 29, 30] and a non-zero
v.e.v. of charged fields breaks electric stability of the vacuum and supplies the photon
with a mass. The latter phase is not realized in the Universe at zero temperatures
as it follows from the severe bounds on both electric charge asymmetry and on the
photon mass (see, e.g. [31]).
The condition of minimum of the potential (2.6) brings the mass-gap equations
for them which solution may cause the DCSB if it is an absolute minimum. In the
explicit form they are:
8pi2
Nc
δVeff (φk, ρ, θ)
δφ1
= −∆11φ1 −∆12φ2 + 8φ31 ln
Λ2
2φ21
+ 8φ31g
4 ln
Λ2
2g2φ21
(2.8)
+
1 + g4
8
[
−159φ31 − 15
√
3φ21φ2 + 9φ1φ
2
2 +
√
3φ32
+
√
3(θ2 + ρ2)(
√
3φ1 + φ2)
]
= 0,
8pi2
Nc
δVeff (φk, ρ, θ)
δφ2
= −∆12φ1 −∆22φ2 + 1 + g
4
8
[
−5
√
3φ31 + 9φ
2
1φ2
+3
√
3φ1φ
2
2 + 9φ
3
2 +
√
3(θ2 + ρ2)(φ1 + 3
√
3φ2)
]
= 0
8pi2
Nc
δVeff (φk, ρ, θ)
δθ
= θ
[
−∆22 + 1 + g
4
8
(
9(θ2 + ρ2) + (
√
3φ1 + φ2)
2 + 8φ22
)]
= 0;
8pi2
Nc
δVeff (φk, ρ, θ)
δρ
= ρ
[
−∆22 + 1 + g
4
8
(
9(θ2 + ρ2) + (
√
3φ1 + φ2)
2 + 8φ22
)]
= 0
We assume the electric charge stability of the vacuum, i.e. that only neutral com-
ponents of both Higgs doublets may have nonzero v.e.v. [3, 6, 32]. Evidently, the
relevant solutions with θ = ρ = 0 are unique if
∆22 ≤ (1 + g4)
[
φ22 +
1
8
(
√
3φ1 + φ2)
2
]
. (2.9)
1see the updated one-loop RG equations in [27] and references therein.
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This bound follows also from the absence of tachyons among composite bosons which
will be derived later on. On the other hand, due to SO(2) symmetry of effective
potential (2.6) under rotations of θ and ρ, typically, the CP violating solutions for
2HQQM of type I break also the electroneutrality of the vacuum unless a special
fine-tuning is performed. It gives us one more argument against the realization of
CP-violating phase in such models.
One can choose φ1, φ2 as independent scales of 2HQQM. Then the mass-gap
equations (2.9) allow to find the parameters ∆11,∆12 describing the deviation from
critical coupling constants as functions of φ1, φ2,∆22.
The true minimum is derived from the positivity of the second variation of the
effective action around a solution of the mass-gap equation,
Φk =
 pi+k
1√
2
(φk + σk + ipik)
 ; k = 1, 2. (2.10)
This variation reads:
16pi2
Nc
S
(2)
eff ≡
1
2
(
σ, (Aˆσp2 + Bˆσ)σ
)
+
(
pi−, (Aˆπ
+
p2 + Bˆπ
+
)pi+
)
+
1
2
(
pi, (Aˆπp2 + Bˆπ)pi
)
, (2.11)
where two symmetric matrices - for the kinetic term Aˆi = (Aikl) , i = (σ, pi
+, pi) and
for the constant, momentum independent part, Bˆi = (Bikl) - have been introduced
in the CP conserving phase.
The mass spectrum of related bosonic states is determined by the solutions of
the secular equations :
det(Aˆip2 + Bˆi) = 0, (2.12)
at −m2 = p2 < 0 in both scalar and pseudoscalar channels.
The kinetic matrix Aˆ as being multiplied by p2 is derived in the soft-momentum
expansion in powers of p2:
Lkin =
Nc
16pi2
2∑
k,l=1
(
I
(1)
kl ∂µpi
−
k ∂µpi
+
l +
1
2
I
(2)
kl (∂µσk∂µσl + ∂µpik∂µpil)
)
(2.13)
where I
(1)
kl contributes to the kinetic term for charged components of Higgs doublets
and I
(2)
kl defines the latter one for the neutral components:
Aσkl ≃ Aπ
+
kl ≃ Aπkl ≃ I(1)kl ≃ I(2)kl
≃ ft,k(0)ft,l(0)
(
ln
Λ2
m2t
− 1
)
+ g2fb,k(0)fb,l(0)
(
ln
Λ2
m2b
− 1
)
+
1∫
0
(ft,k(τ)ft,l(τ) + g
2fb,k(τ)fb,l(τ)−
5
−ft,k(0)ft,l(0)− g2fb,k(0)fb,l(0))dτ
τ
+O
 ln Λ2m2t
Λ2
 . (2.14)
The related integrals for I
(1),(2)
kl have been calculated at large values of Λ, in the large-
log limit ln(Λ2/m2t ) ≃ ln(Λ2/m2b)≫ 1 and for the CP conserving phase. Further on
we consider g ≪ 1 as mb ≪ mt. As well in the matrix elements containing large
ln(Λ2/m2t ) we neglect isospin breaking effects. After substitution of (1.4) kinetic
matrices Aˆ take the form:
Aσkl ≃ Aπkl ≃ Aπ
+
kl ≃
(4 ln Λ2m2t − 232 ) −√32
−
√
3
2
3
2
 (2.15)
Let us now obtain the matrix of second variations Bˆi of the effective potential
for the Model I :
Bσkl =
16pi2
Nc
∂2
∂σk∂σl
Veff , B
π
kl =
16pi2
Nc
∂2
∂pik∂pil
Veff ,
Bπ
+
kl =
8pi2
Nc
∂2
∂pi+k ∂pi
−
l
Veff , for Φk = 〈Φk〉. (2.16)
In the above approximation: Bπ
+
kl ≃ Bπkl and therefore the spectra of charged and
neutral pseudoscalars coincide. Other elements of matrices Bˆ are:
Bσ11 = −2∆11 + 48φ21 ln
(
Λ2
m2t
)
− 605
4
φ21 −
15
√
3
2
φ1φ2 +
9
4
φ22,
Bσ12 = −2∆12 −
15
√
3
4
φ21 +
9
2
φ1φ2 +
3
√
3
4
φ22,
Bσ22 = −2∆22 +
9
4
φ21 +
3
√
3
2
φ1φ2 +
27
4
φ22,
Bπ11 = −2∆11 + 16φ21 ln
(
Λ2
m2t
)
− 159
4
φ21 −
5
√
3
2
φ1φ2 +
3
4
φ22,
Bπ12 = −2∆12 −
5
√
3
4
φ21 +
3
2
φ1φ2 +
√
3
4
φ22,
Bπ22 = −2∆22 +
3
4
φ21 +
√
3
2
φ1φ2 +
9
4
φ22. (2.17)
For large ln (Λ2/m2t ) ≫ 1 both the solutions of (2.9) and the mass spectrum look
differently in two regimes: ∆11 ∼ m2t ln (Λ2/m2t )≫ ∆12 ∼ ∆22 ∼ m2t or ∆11 ∼ ∆12 ∼
∆22 ∼ m2t ln (Λ2/m2t )≫ m2t .
In the first case the mass spectrum of physical scalar bosons H0, h0 reads:
m2H0 = 8φ
2
1 = 4m
2
t ≃
∆11
ln (Λ2/m2t )
;
m2h0 =
1
2
(
8φ22 + (
√
3φ1 + φ2)
2
)
− 4
3
∆22 ≡ 3
2
δm2 − 4
3
∆22, (2.18)
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and for physical pseudoscalar bosons pi,A,H±:
m2π = 0; m
2
A = m
2
H± =
1
6
(
8φ22 + (
√
3φ1 + φ2)
2
)
− 4
3
∆22 ≡ 1
2
δm2− 4
3
∆22, (2.19)
where we have introduced the notation for the mass splitting between excited states:
m2h0 −m2A = δm2. (2.20)
One can see that, in general, m2h0−m2A = δm2 6= m2H0−m2π and the splitting between
scalar and pseudoscalar states is not equidistant. But if the dynamical mass is a true
constant, i.e.
√
3φ1 + φ2 = 0, then one recovers the remarkable relation:
m2h0 −m2A = m2H0 −m2π = 4m2t . (2.21)
As m2t = 2φ
2
1 this parameter is fixed from the phenomenology and never takes zero
values. Then for a given ∆22 the lowest masses of excited bosons arise at φ1 =
−3√3φ2 and amount to:
δm2min =
1
9
m2H0 ; m
2
h0 =
1
6
m2H0 −
4
3
∆22 ≥ 1
9
m2H0 ;
m2A =
1
18
m2H0 −
4
3
∆22 ≥ 0. (2.22)
It follows from these inequalities that the second pseudoscalar Higgs boson can in
principle be very light even massless whereas the second scalar Higgs particle can be
lighter than the first one (of Nambu-Jona-Lasinio type) but still enough heavy.
For instance, if we treat these relations at the tree level then: mH0 = 2mt ≃
350GeV but the lightest mass for the second Higgs boson m2h0 =
1
9
m2H0 + m
2
A ≥
130GeV for mA ≥ 50GeV (see [33]).
In the case when m2t ln (Λ
2/m2t ) ∼ ∆11 ∼ ∆12 ∼ ∆22 ≫ m2t the mass spectra
can be easily derived from Eqs.(2.18), (2.19) retaining the last term, m2h0 ≃ m2A ≃
−4
3
∆22 and their splitting is again described by (2.20). Thus for such parameters
∆ik the second multiplet of Higgs boson is indeed much heavier that the first one
m2H0 ≪ m2h0 ≃ m2A ∼ m2t ln (Λ2/m2t ) ∼ 1(TeV )2. Thus this scenario is practically
equivalent to a One-Higgs SM for accessible energies. Therefore we will not consider
it further on.
3. Chiral symmetry restoration in QCD-like models
In large Nc QCD-like models [34, 35] the leading contributions into two-point corre-
lators of scalar and pseudoscalar quark densities are given by sums over an (infinite)
number of meson poles:
Πσ(p
2) = −
∫
d4x exp(ipx) 〈T (q¯q(x) q¯q(0))〉
7
=
∑
n
Zσn
p2 +m2σ,n
+ Cσ0 + C
σ
1 p
2,
Πabπ (p
2) =
∫
d4x exp(ipx) 〈T
(
q¯γ5τ
aq(x) q¯γ5τ
bq(0)
)
〉
= δab
(∑
n
Zπn
p2 +m2π,n
+ Cπ0 + C
π
1 p
2
)
. (3.1)
C0 and C1 are contact terms required for the regularization of infinite sums.
The high-energy asymptotics are given by perturbation theory and operator
product expansion taking into account the asymptotic freedom of QCD-like interac-
tion. As well the nonperturbative generation of (techni) gluon and quark conden-
sates [24] is assumed to determine subleading power-like corrections to perturbative
asymptotics.
The covariant derivative in a QCD-like gauge theory, i∂µ → iDµ = i∂µ + Gµ,
contains gluon fields Gµ ≡ gsλaGaµ, where tr(λaλb) = 2δab. The related gluon field
strength is defined as Gµν ≡ −i[Dµ, Dν]. gs is the gauge coupling constant. Then the
conventional QCD coupling constant is αs ≡ gs/4pi. Respectively, in the chiral limit
(mq = 0) the scalar and pseudoscalar correlators have the following behavior [24, 36,
37] at large p2 (for one-flavor quarks) motivated by Operator Product Expansion:
Πσ,π(p
2)|p2→∞ ≃ Nc
8pi2
(
1 +
11Ncαs
8pi
)
p2 ln
p2
µ2
+
αs
8pip2
〈(Gaµν)2〉+
piαs
3p4
〈q¯γµλkqq¯γµλkq〉
∓piαs
2p4
〈q¯σµνλkqq¯σµνλkq〉+O( 1
p6
), (3.2)
in Euclidean notations. Herein it is assumed that αs(µ) ≪ 1; µ > ΛCSB. In the
large-Nc limit:(
ΠP (p
2)− ΠS(p2)
)
p2→∞ ≡
∆SP
p4
+O
(
1
p6
)
; ∆SP ≃ 12piαs (< q¯q >)2 , (3.3)
where the vacuum dominance hypothesis [24] has been exploited to estimate four-
quark condensate contribution in terms of bilinear quark condensates < q¯q >. This
rapidly decreasing asymptotics is a consequence of the chiral invariance of the la-
grangean of a massless QCD-like theory.
When comparing (3.1) and the first term of (3.2) one can see that in order to
reproduce the perturbative asymptotics the infinite number of resonances with the
same quantum numbers should exist in each channel.
On the other hand, in the difference of scalar and pseudoscalar correlators the
saturation may be successfully delivered by a finite number of low-lying resonances
due to CSR [15, 23].
Thus CSR at high energies may be thought of as a possible constraint on the
EQQM to be a manifestation of compositeness in the Higgs model [26, 38]. We shall
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demand that, at the compositeness scale ΛCSB, the relation (3.3) is approximately
fulfilled.
Following the planar limit of the QCD-like interaction, eq.(3.1) one can make
the two-resonance ansatz for scalar and pseudoscalar correlators provided by Two-
channel EQQM model:
Πσ(p) =
Zσ
p2 +m2σ
+
Zσ′
p2 +m2σ′
+ Cσ0 ;
Ππ(p) =
Zπ
p2
+
Zπ′
p2 +m2π′
+ Cπ0 . (3.4)
We remark that for this type of models the constants can be taken Cσ1 = C
π
1 = 0.
From the requirement of asymptotic CSR (3.3) it follows that:
Cσ0 = C
π
0 ≡ C
(
=
< q¯q >
mdyn
< 0
)
; (3.5)
Zσ + Zσ′ = Zπ + Zπ′; Zσm
2
σ + Zσ′m
2
σ′ = Zπ′m
2
π′ +∆SP . (3.6)
The first two relations can be fulfilled in the conventional NJL model which corre-
sponds to the one-resonance ansatz, Zσ′,π′ = 0, whereas the last one can be provided
only in a two-resonance model, for the ∆SP in (3.3) (see below).
In order to apply the above CSR sum rules we have to obtain the appropriate
two-point correlators for scalar and pseudoscalar composite Higgs fields.
4. CSR sum rules in 2HQQM
Let us introduce in 2HQQM the external sources which couple to the scalar and
pseudoscalar quark densities. With their help one can easily derive required quark
correlators. As these densities are doublets in our model , eq.(1.2), the relevant
sources X1 = (χ1j), X2 = (χ2j) are taken as doublets as well. The sources are
complex: χkj = Skj + iPkj, generating both scalar and pseudoscalar densities. The
structure of the corresponding operators in the quark lagrangean is designed similar
to the Yukawa operators in (2.3):
LI(S, P ) = i
2∑
k=1
[
gt,kX˜
†
kJt,k + gb,kX
†
kJb,k
]
+ h.c. (4.1)
We remind that in 2HQQM under consideration: gt,k = 1 ≫ gb,k = g and take for
simplicity g = 0. Then the effect of external sources can be separated by shifting the
Higgs fields in the quark part of the lagrangean (2.3):
φkj −→ φ¯kj + χkj . (4.2)
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The dynamical boson fields arise as fluctuations around the solutions of the mass-gap
equation (2.9):
φ¯k1 = φk1 − χk1; φ¯k2 = φk2 − χk2+ < φ¯k2 > . (4.3)
In terms of doublets Xk, Φk the supplementary lagrangean takes the form:
∆LI = NcΛ2
2∑
k,l=1
[
X†k(a
−1)klXl −X†k(a−1)klΦl
−Φ†k(a−1)klXl −X†k(a−1)kl〈Φl〉 − 〈Φ†k〉(a−1)klXl
]
. (4.4)
The terms linear in external sources are irrelevant for correlators and will be neglected
further on. As we study the CP conserving phase with non-trivial v.e.v. for scalar
fields only the physical parameters of neutral and charged pseudoscalar bosons are
the same. Therefore we can restrict ourselves with neutral components only. Then
with notations:
φk2 =
1√
2
(σk + ipik); χk2 =
1√
2
(Sk + i Pk), (4.5)
one obtains the quadratic part of the lagrangean LI consisted of (2.11) and (4.4). As
it is gaussian one can easily unravel the dependence on external fields with the help
of classical Eqs. of motion:
σclk = 16pi
2Λ2
2∑
l,m=1
(
Aσσp2 +Bσσ
)−1
kl
a−1lmSm ≃ 2Λ2
2∑
l=1
(
Aσσp2 +Bσσ
)−1
kl
Sl
piclk = 16pi
2Λ2
2∑
l,m=1
(
Aππp2 +Bππ
)−1
kl
a−1lmPm ≃ 2Λ2
2∑
l=1
(
Aππp2 +Bππ
)−1
kl
Pl, (4.6)
which is simplified in the vicinity of polycritical point, 8pi2a−1kl ≃ δkl.
The resulting effective action for generating of two-point correlators is given by:
S(2) ≃ NcΛ
2
16pi2
2∑
k,l=1
(
SkΓ
(σ)
kl Sl + PkΓ
(π)
kl Pl
)
Γ
(σ)
kl = δkl − 2Λ2
(
Aσσp2 +Bσσ
)−1
kl
; Γ
(π)
kl = δkl − 2Λ2
(
Aππp2 +Bππ
)−1
kl
. (4.7)
When taking the approximate expressions (2.15), (2.17) for matrices Aˆ, Bˆ one de-
rives the inverse propagators. In particular, the strictly local quark density can be
presented as a superposition of two currents:
t¯t =
1
2
(t¯f1t−
√
3t¯f2t), (4.8)
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and in the scalar channel the related correlator (3.1) has the following form:
Πσ(p
2) = −NcΛ
2
16pi2
[
Γ
(σ)
11 + 3Γ
(σ)
22 − 2
√
3Γ
(σ)
12
]
= Cσ +
ZH0
p2 +m2H0
+
Zh0
p2 +m2h0
;
Cσ = −NcΛ
2
4pi2
≃ < t¯t >
mt
;
ZH0 =
NcΛ
4
48pi2
(
ln Λ
2
m2t
− 3
)
(m2H0 −m2h0)
×
[
12
(
ln
Λ2
m2t
− 3
)
m2H0 + 6∆11 + 4
√
3∆12 + 2∆22 − 144φ21 ln
Λ2
m2t
+ 474φ21
+12
√
3φ1φ2 − 18φ22
]
= O
 1
ln Λ
2
m2t
 ;
Zh0 = −ZH0 + NcΛ
4
4pi2
; (4.9)
and similarly in the pseudoscalar channel,
Ππ(p
2) = −NcΛ
2
16pi2
[
Γ
(π)
11 + 3Γ
(π)
22 − 2
√
3Γ
(π)
12
]
= Cπ +
Zπ
p2
+
ZA
p2 +m2A
;
Cπ = Cσ = −NcΛ
2
4pi2
≃ < t¯t >
mt
;
Zπ = − NcΛ
4
48pi2
(
ln Λ
2
m2t
− 3
)
m2A
[
2∆22 +∆12
(
4
√
3− 6φ2
φ1
)
+
27
4
φ21 −
29
√
3
4
φ1φ2
+
3
4
φ22 +
3
√
3
4
φ32
φ1
]
= O
 1
ln Λ
2
m2t
 ;
ZA = −Zπ + NcΛ
4
4pi2
. (4.10)
We stress that the residues in poles are of different order of magnitude:
ZH0 ∼ Zπ ∼ 1
ln Λ
2
m2t
≪ Zh0 ∼ ZA, (4.11)
which can be seen from the first Eq. in (4.9) after using the mass-gap Eqs.(2.9)
and taking the value (2.18) of the scalar boson mass, m2H0 ≃ 8φ21. Indeed then
the logarithms cancel each other in the combination, 12m2H0 ln
Λ2
m2t
m2H0 + 6∆11 −
144φ21 ln
Λ2
m2t
.
Now we are able to impose and check the CSR constraints (3.6). First of all one
can see that the chiral symmetry is not broken in leading asymptotics, Cπ = Cσ.
Next we check the subleading asymptotics which represents the generalized σ-model
relation:
ZH0 + Zh0 = Zπ + ZA =
NcΛ
4
4pi2
, (4.12)
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which is fulfilled, in fact, at a high precision including subleading 1/ lnΛ2 terms.
The last constraint in (3.6) can be satisfied for an appropriate 4-fermion conden-
sate contribution ∆SP . Thus:
ZH0m
2
H0 + Zh0m
2
h0 = ZAm
2
A +∆SP . (4.13)
Taking into account (4.11) and the sum rule (4.12) one concludes that:
Zh0 ≃ ZA ≃ NcΛ
4
4pi2
;
NcΛ
4
4pi2
(
m2h0 −m2A
)
= ∆SP . (4.14)
In order to estimate a maximal scale of compositeness Λ ≡ ΛC due to QCD-like forces
we assume that presumably the typical (techni) QCD scale is of order ΛTQCD ∼ mt ≪
ΛC and one can apply effectively the one-loop approximation to calculate the strong
interaction constant αs (see, [33]). As it follows from (2.22), the minimal value of
mass splitting corresponds to m2H0/9. Respectively the value of ∆SP is described
by the relation (3.3) and in the present 2HQQM the condensates are given in (4.9).
Let us combine these estimates and relations to derive the upper bound on the
compositeness scale ΛC :
NcΛ
4
Cm
2
t
9pi2
= min(∆SP ) = 12piαs
N2cΛ
4
Cm
2
t
16pi4
; (4.15)
hence:
αsNc ≃ 12pi
11
(
1− 2Nf
Nc
)
ln
Λ2
C
m2t
>
4pi
27
or ΛC ≤ 104GeV. (4.16)
Thereby with the help of CSR sum rules we have showed that there is a certain
window to have relatively light composite Higgs bosons in the effective 2HQQM
created by a more fundamental QCD-like theory.
For a comparison we also check the consistency of the last sum rule (4.13) in
the one-channel top-condensate SM. One deals then with only one scalar,H0, and
a triplet of Goldstone bosons, pia. Respectively, in the sum rules (3.6), (4.13) one
should retain only Zπ, ZH0. Hence they read:
Zπ = ZH0 =
NcΛ
4
16pi2 ln Λ
2
m2t
;
ZH0m
2
H0 =
1
4
NcΛ
4
Cm
2
t
pi2 ln
Λ2
C
m2t
6= ∆SP = 9
11
NcΛ
4
Cm
2
t
pi2 ln
Λ2
C
m2t
, (4.17)
where eqs.(4.7) with A ≃ A11, B ≃ B11 from (2.15), (2.17) are employed, the Nambu
relation m2H0 = 4m
2
t is used and the correlators are derived according to eqs.(4.9),
(4.10). As well the definition (3.3) for ∆SP and the expression (4.16) for αs is inserted.
Evidently there is a serious discrepancy between the left and right sides of the last
sum rule which is remarkably independent on scales, colors and flavours. Thus it
happens to be impossible to embed the one-channel Top-mode SM into a QCD-like
underlying theory.
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5. Conclusions
1. We have found that in the framework of 2HQQM of type I two composite Higgs
doublets can be created dynamically as a consequence of DCSB in two channels.
Lighter Higgs bosons appear as radial excited states in the language of the Potential
Quark Model.
2. We have proved that CSR at high energies is realized in the 2HQQM of type
I in the Nambu-Jona-Lasinio phase near tricritical point. Thereby these models in
the NJL phase can be regarded as effective models originating from a QCD-like un-
derlying theory with an electroweak compositeness scale of order 1÷ 10TeV (it may
be also a fundamental, string scale [39] when, at least, additional five dimensions of
inverse size 10 Mev exist).
3. One can show that in other phases explored in two-channel models in [17, 26],
such as the anomalous or special phase, the last CSR constraint cannot be fulfilled for
any choice of parameters. It means that such phases cannot be realized in effective
models motivated by underlying QCD-like fundamental theory. But the question re-
mains open about what kind of underlying theory could induce such phases at lower
energies.
4. It turns out that the soft-momentum limit of the correlators (3.4) is connected
to the structural constants of the effective chiral lagrangian [40, 41] (in our case of
the EW lagrangian in the large Higgs mass limit [42]):
Zσ
m2σ
+
Zσ′
m2σ′
+ C = 8B20(2L8 +H2);
Zπ′
m2π′
+ C = 8B20(−2L8 +H2). (5.1)
One can think about how to apply these relations together with the empirical esti-
mations on the corresponding structural coupling constant for the determination of
the size of the (techni-,top-)quark condensate < q¯q >= −B0F 20 ( with F0 being an
electroweak scale).
5. Since the first paper [10] on the compositeness due to strong 4-fermion forces
it is known [11, 12, 13] that the low-mass spectrum is provided by a fine-tuning. It
is remarkable that the above pattern for heavy Higgs particles can be put in certain
correspondence to the predictions found with the help of the modified Veltman fine-
tuning hypothesis [43].
6. In this paper we have not considered the CP and electroneutrality violating sce-
nario for 2HQQM in details although it may occur as an intermediate stage in the
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formation of baryon assymetry of the Universe [31, 44].
7. There exists another way to build multi-channel (nonlocal but separable) quark
models [45, 46] and it is of certain interest to develop the similar CSR analysis in
that approach.
8. More realistic predictions for masses and coupling constants should be based,
of course, on the full SM action including vector bosons and on the RG improved
calculations of low-energy parameters both in Higgs and in fermion sectors which are
in preparation.
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